Introduction
Entomopoxviruses (EPVs) were first discovered by Vago (1963) and subsequent research has shown that they bear close morphological resemblance to orthopoxviruses except they are distinguished by being occluded in a proteinaceous matrix at the end of the viral replication cycle. The occlusion body (OB), which has been called the spheroid because of its shape, stabilizes the virions within and provides a certain amount of protection against inactivating agents in nature such as UV light and heat (Fig. 1 ). The spheroid of many EPVs, such as those from Choristoneura biennis (CbEPV), C. fumiferna (CfEPV) and Heliothis armigera (HaEPV), contains the virions and another spindle-like structure which seems to be composed of a single protein called fusolin (Dall et al., 1993) . These authors called it fusolin in recognition of Professor C. Vago ('fuseau' meaning spindle in French) . Some EPVs, such as that of Amsacta moorei (AmEPV), do not appear to synthesize fusolin as indicated by the absence of spindles within the spheroids. The spheroids were also shown to have an associated alkaline protease enzyme similar to that associated with baculovirus occlusion bodies (Bilimoria & Arif, 1979; Erlandson, 1991) .
Classification
The International Committee on the Taxonomy of Viruses has divided poxviruses into two subfamilies: the Chordopoxvirinae (poxviruses of vertebrates) and the Entomopoxvirinae (insect poxviruses). The entomopoxviruses are subdivided into three genera.
1. Genus A of Coleoptera (beetles) of which Melolontha melolontha EPV (MmEPV) is the type species.
* Fax + 1 705 759 5700. e-mail BARIF@AM.NCR.FORESTRY.CA 2. Genus B of Lepidoptera (moths) and Orthoptera (grasshoppers) of which AmEPV is the type species. CbEPV is also a member of this genus. 3. Genus C of Diptera (midge flies) of which Chiromonus luridis EPV (C1EPV) is the type species.
The naming of EPVs has followed that of baculoviruses where the virus is named after the latin binomial of the insect from which it was first isolated. This brings with it the same potential confusion that exists with baculovirus nomenclature where a virus of wide host range could have more than one name if it is isolated from more than one host.
Replication
The initial process of infection of larvae is generally similar to that for baculoviruses in being initiated by ingestion of OBs that dissolve in the alkaline environment of the gut (Granados, 1981) . The liberated virions enter columnar epithelial cells by fusion of the viral outer envelope with the membranes of microvilli resulting in partially uncoated particles inside gut cells. It is not known if there is expression of early viral genes in gut cells. When the virus gains access to the haemolymph, it is disseminated throughout the larval body. Replication of the virus takes place in various larval tissues but most EPVs seem to prefer fat body cells. Numerous reviews dealing with electron microscopic observation of the replicative cycle have been published (e.g. Arif & Kurstak, 1991 ; Goodwin et al., 1991) . One of the most interesting phenomena in the infection process of EPVs is the discovery of a temporal pattern of mortality in relation to dosage. It was found that when the migratory grasshopper, Melanoplus sanguinipes, is inoculated with MsEPV, the insects died either early or late depending on dosage. High and low dosages of virus resulted in early and late mortality, respectively (Woods et al., 1992) . Insects that died early (< 12 days post-inoculation) were devoid of spheroids and homogenates of the cadavers 0001-2649 © 1995 SGM 2 B . M . Arif were non-infectious. The cadavers of insects that died late (> 16 days post-infection) were full of spheroids and were infectious to other grasshoppers (Woods et al., 1992) . It appears that either the non-occluded virus or a viral toxic factor is playing a significant role in causing early mortality in the insects. During the replication of EPVs, non-occluded extracellular virus is produced, which is responsible for the dissemination of infection within susceptible larval tissues. In contrast to baculoviruses, where synthesis of extracellular virus takes place relatively early in the infection cycle and before the appearance of the occluded form (Rohrmann, 1992) , the production of extracellular and occluded viruses appears to take place simultaneously in cell culture at approximately 60 h post-infection (Marlow et al., 1992) .
The availability of permissive cell lines is critical in studies on viral replicative events and on the molecular biology of EPVs. Two cell lines that have been used more than others for the replication of AmEPV are from the salt marsh caterpillar, Estigmene acrea (Ea.BTi), and from the gypsy moth, Lymantria dispar (IPLB-LD-652; Goodwin et al., 1990; Granados, 1981) . Two cell lines from Bombyx mori and Pseudaletia separata were also found to be permissive to PsEPV (Hukuhara et al., 1990) . Recently, multiplication of AmEPV in tissue culture cells was investigated by Marlow et al. (1993) . They observed in the electron microscope that the virus replication events were generally the same as those reported in the natural host. Upon infection of Ea.BTi cells with AmEPV, the virus induced contraction of the microtubules and microfilament network. As the infection proceeded, the cells became rounded, microtubules began to depolymerize and tubulin contracted to a smaller network around the cell. At this stage, f-actin was seen as distinct foci and microspikes (Marlow et al., 1992) . At 4-5 days post-infection, the tubulin matrix disintegrated and the cells produced the maximum titre of extracellular virus and numbers of spheroids (Marlow et al., 1993) . These authors also found that depolymerization of microtubules by AmEPV was similar to that induced by colchicine in uninfected cells. Colchicineinduced depolymerization of microtubules had no effect on virus replication. It has been suggested that depolymerization of microtubules is important for efficient virus assembly of baculoviruses (Volkman & Zaal, 1990) , which may also be true for EPVs.
Structural polypeptides
The complexity of the virion is reflected in the polypeptide pattern observed by analysis on polyacrylamide gels. The virion is composed of at least 40 structural proteins varying in size from 12-250 kDa (Bilimoria & Arif, 1980; Langridge & Roberts, 1982; Mitchell et al., 1983; Levin et al., 1993) . Little information is available on the distribution of these polypeptides in the virus particle (Bilimoria & Arif, 1980) . Most of these studies have used Coomassie blue as a protein stain. However, with the availability of much more sensitive detection methods, it is likely that many more structural polypeptides will be discovered.
Viral enhancing factor
Recent evidence indicates that there is a factor associated with the spheroids that can enhance the effectiveness of a nuclear polyhedrosis virus (NPV) against the larval host much like the factor discovered in certain granulosis viruses (Tanada & Hukuhara, 1971; Derksen & Granados, 1988; Xu & Hukuhara, 1992 . The spheroids of the armyworm, Pseudaletia separata, were solubilized by alkali and separated on Sephacryl columns followed by hydroxyapatite chromatography. The enhancing activity was located in a peak that migrated at approximately 38 kDa on polyacrylamide gels (Xu & Hukuhara, 1994) . The factor in the spheroids reduces the LDs0 of the NPV infecting the same host by as much as 9000 times. Analysis showed that 25 % of the amino acid residues that constitute the 38 kDa protein are glutamic and aspartic acid residues. This feature is shared with the similar factor found in the occlusion bodies of some granulosis viruses. However, the factor found in PsEPV had a higher content of glycine and alanine and a lower content of arginine, tyr0sine and phenylalanine (Xu & Hukuhara, 1994) . With the presently available data, it should be relatively easy to isolate the gene coding for this protein and compare it to the viral enhancing factor gene found in some granulosis viruses.
The viral genome
The genome of EPVs is a linear double-stranded molecule approximately 225 kb in size (Arif, 1976; Hall & Hink, 1990) . Physical maps of only AmEPV DNA have been published and have confirmed the structural similarities to orthopoxvirus genomes (Hall & Hink, 1990) . A significant divergence from the genomes of orthopoxviruses is the low G + C content of the EPV DNA. It is approximately 18-24 % G + C (Arif, 1984) compared to 37 % G + C in vaccinia virus DNA. The significance of this divergence is not clear. The genome is housed within a nucleoid surrounded by two membranes and either one or two lateral bodies. These structures are in turn enclosed by the outer viral envelope (Granados, 1981 
Spheroidin and its gene (sph)
Spheroidin is the major protein of the occlusion body and has a molecular mass of about ll0-115kDa (Bilimoria & Arif, 1979; Langridge & Roberts, 1982; Hall & Moyer, 1991 Banville et al., 1992) . It is analogous to polyhedrin~ and granulin in baculoviruses. The gene coding for spheroidin (sph gene) in AmEPV was identified by cleaving gel-purified protein with cyanogen bromide and subjecting the peptide fragments to microsequencing. Degenerate oligonucleotides were prepared and used as probes to identify the location of the gene on the viral genome. The coding region of the sph gene in AmEPV was found to be 3009 nucleotides long encoding a predicted protein of molecular mass 114 881 Da and an isoelectric point of 6"8 (Hall & Moyer, 1992; Banville et al., 1992) . The protein has several potential Asn-linked glycosylation sites and also contains 38 cysteine residues which explains the need for reducing agents in the dissolution of the occlusion bodies. Recently, the same gene from MmEPV has been sequenced and shows close homology with that from AmEPV. The predicted amino acid sequences were 42 % identical and 79 % similar ( Fig. 2 ; Sanz et al., 1994) . The spheroidin form MmEPV has as many as 46 cysteine residues. The 200 amino acids at the C terminus are totally hydrophilic . There is no homologue to the sph gene in orthopoxviruses, but some, such as cowpox virus, are capable of forming inclusion bodies of irregular shape called ATI bodies into which the virions are occluded (Patel et al., 1986) . The ATI protein has a molecular mass of 160 kDa and has 26 cysteine residues but it has no homology to spheroidin. Vaccinia virus has an analogous 94 kDa truncated version of the ATI protein and does not form inclusion bodies in the infected cell (Patel et al., 1986; Funahashi et al., 1988; Gershon et al., 1989) .
The coding region of the sph gene is composed of 29 % G+C residues (Hall & Moyer, 1992) , which is significantly higher than the overall genomic content of 18"5 % computed from DNA melting curves (Langridge et al., 1977) . The 5' untranslated region of the gene is very A + T rich. Indeed, out of the 92 bases upstream of the ATG start codon, only seven are G or C residues (Fig. 3 ). Within this region there are three TTTTTNT early gene transcriptional termination signals and the typical poxvirus TAAATG signal for the initiation of late gene transcription (Rosel et al., 1986) . Primer extension studies showed that transcription is in fact initiated within the TAAATG element (Hall & Moyer, 1991) . There are three TAA stop codons immediately upstream of the TAAATG signal. Downstream of the sph gene of AmEPV is a partial ORF (162 amino acids) designated G6L which appears to be part of the gene encoding nucleoside triphosphate phosphohydrolase I (NPH I). It showed 31.9 % amino acid identity to the NTPase I of vaccinia virus and much greater homology to the NPH I of CbEPV (Rodriguez et al., 1986; Hall & Moyer, 1991; Yuen et al., 1991) . Almost immediately upstream of the sph gene promoter is the stop signal for another ORF designated G4R. Comparative homology of G4R and the HM30RF of capripoxvirus revealed a 31.7% amino acid identity over 142 residues overlap (Hall & Moyer, 1991) . A homologue of HM3 is present in the genome of vaccinia virus just upstream of the truncated version (94 kDa instead of 160 kDa) of the ATI gene of cowpox virus (Fig. 4; Gershon et al., 1989) . Hall & Moyer (1991) conclude that because of the type and distribution of the genes, the micro-environment of this region appears to be similar in EPVs and vaccinia virus. Further upstream of the sph gene is another ORF designated G1L which has homology to vaccinia virus ORF17. There was 32-9 % identity over 335 amino acids. The NPH I gene was also found to the right of the spheroidin genes of CbEPV and CfEPV and also in the opposite polarity as in the case of AmEPV, indicating that the genes in this section of the genomes of the three EPVs are collinear (Hall & Moyer, 1991) .
Much like the polyhedrin gene in NPVs, the sph gene is highly conserved. Several PCR primers homologous to sequences within different parts of the coding region of the AmEPV sph gene were used successfully to amplify the expected size products from DNA templates of CfEPV or CbEPV. Also anti-AmEPV spheroidin antibody reacted positively with a 115 kDa band derived from CbEP¥ or CfEP¥ occlusion bodies (Hall & Moyer, 1993) . As more sequences ofsph genes become available, we will be able to map the relatedness of EPVs based on similarities of spheroidins.
Recent investigations (see following paper: Palmer et al., 1995) have demonstrated that deletion of the coding region of the sph gene had no effect on AmEPV replication. In these studies, a construct was made by deleting the entire coding region and replacing it with a BamHI restriction site. The flanking sequences on either side of the 5' and the 3' regions (1 kb each) were joined by the artificial BamHI site. The ATG start codon was altered to ATA in order to preclude utilization of this site during transcription. The construct was cloned into the vector pT7T3 and the chloramphenicol acetyltransferase (CAT) gene was inserted into the BamHI site. Lymantria Fig. 3 . Structure of the promoter region of the Amsacta moorei EPV spheroidin gene (Hall & Moyer, 1991) . This part of the gene contains three early gene transcriptional termination signals, TTTTTAT, and the typical poxvirus TAAATG signal for the initiation of late gene transcription. There are four TAA stop codons (boxed) immediately upstream of the ATG start codon. The TAA triplet of position -94 is the stop codon for the ORF upstream of the sph gene. This region is highly A + T rich containing only seven G or C residues. essentiality of the sph gene and the potential for using EPVs as expression vectors.
The fusolin gene (fus)
Most of the EPVs that infect Lepidoptera and Coleoptera produce a protein that forms para-crystalline spindleshaped structures which in most cases become occluded along with the virions into the spheroids. They were first studied by Bergoin et al. (1970) and were shown to be antigenically distinct from spheroidin. The first fus gene was described from AmEPV by Hall & Moyer (1993) . Shortly thereafter another from HaEPV was published (Dall et al., 1993) . Yuen et al. (1990) had published a gene sequence that was misidentified as that of spheroidin but recent evidence clearly shows that the gene was in fact that of fusolin. The propensity of fusolin to form multimers (Dall et al., 1993) might have caused the confusion and misidentification of the gene by Yuen et al., (1990) . It was shown in Western blot analysis that anti-fusolin serum reacted positively with many proteins of higher molecular mass, particularly with one peptide of approximately 98 kDa (Dall et al., 1993) . Fusolin has nine cysteine residues and computer analysis indicates that two of them are involved in intramolecular disulphide bond formation leaving the other seven residues available for intermolecular bonding (Yuen et al., 1990) . The same nine residues are conserved and present in the gene from HaEPV ( Fig. 5 ; Dall et al., 1993) . The fus gene was identified by sequencing the Nterminal amino acids of the protein purified on polyacrylamide gels and preparing oligonucleotide probes based on the protein sequence. It became evident that the gene codes for a protein with a 20 amino acid signal peptide at the N terminus which is cleaved from the mature protein (Yuen et al., 1990; Dall et al., 1993) . The cleaved mature protein has a predicted molecular mass of 37 730 Da and an isoelectric point of 5"63. The signal peptide has an isoelectric point of 8.07. It seems that the fusolin is a membrane-associated peptide with features similar to other viral peptides that are transported across membranes (Dall et al., 1993) . The C terminus is strongly hydrophilic.
The discrepancy between the predicted molecular mass of fusolin (38 kDa) and its reduced mobility in polyacrylamide gels is still unresolved. The presence of a potential glycosylation site in the protein was one explanation. However, chemical methods capable of detecting glycan moieties did not give positive reactions with fusolin. Also, bacterial fusion proteins containing the entire fusolin, which is not likely to be glycosylated in this system, also exhibited the slower mobility in polyacrylamide gels (Dall et al., 1993) . From this evidence, glycosylation does not appear to be the cause of the apparent increase in molecular size of the protein.
Other post-translational modifications may contribute to this phenomenon but they are yet to be elucidated. It should be noted, however, that the fus gene is a homologue of the gene encoding the glycoprotein gp37 in baculoviruses (Dall et al., 1993; Gross et al., 1993) . Alignment of the amino acid sequences shows that the potential glycosylation site in fusolin at position 196 (Asn-Asn-Thr) has a counterpart in the same relative position in a glycoprotein of two baculoviruses (Fig. 5) .
Thefus gene has the characteristics of a late poxvirus gene as indicated by structural similarities to vaccinia virus late genes. However, instead of having the poxvirus late gene initiation signal, TAAATG, the fus gene has TAATG at the site of the ATG transcription initiation codon. There appears to be a conserved motif of AATAATG in the genes from CbEPV and HaEPV (Fig.  6) . The same conserved motif is found in the fus gene from CfEPV (B. M. Arif and others, unpublished) . Both CbEPV and CfEPV fus genes have a TAAAT motif (TAAAC for HaEPV) 24 nucleotides upstream of the The first three amino acids of the mature fusolin, HisGlyTyr (in bold type) are present in the same location in the baculovirus glycoproteins indicating that these may be the signal for cleavage in both virus groups. Five conserved regions (labelled I to V and underlined) have been identified by Vialard et al. (1990) . Region V is the most conserved. The potential glycosylation site in fusolins at position 196 (double underlined) has counterparts in the baculovirus glycoproteins. Asterisks indicate identity, dots indicate conserved substitutions.
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ATG start site (Yuen et al., 1990; B. M. Arif and others, unpublished) that was identified as the 5" terminus of the transcripts (Pearson et al., 1991) . Significant homology also exists between the 5' untranslated region of the CbEPV fus gene and that of the major core protein precursor P4b gene (Fig. 6) .
Analysis of the amino acid sequences of the fusolin of HaEPV and CbEPV shows 63 % identity between the two proteins (Dall et al., 1993) . (Pearson et al., 1991) . Identity with the P4b promoter is indicated with asterisks.
(OpMNPV and AcMNPV) (Wu & Miller, 1989; Vialard et al., 1990; Dall et al., 1993; Gross et al., 1993; Fig. 5 ). Vialard et al. (1990) identified five conserved regions in the core of the baculovirus glycoprotein that are also present and conserved in fusolin. Region 5 is the most conserved where 21 out of 23 amino acids are identical. All this evidence suggests that the function of the two genes may also be conserved. At the N terminus the first three amino acids of the mature protein of fusolin are His-Gly-Tyr, which are also conserved in the glycoproteins of both baculoviruses. This suggests that this motif is necessary for processing and that the signal peptide of this baculovirus glycoprotein is also cleaved at this position (Dall et al., 1993) . It is known that several baculoviruses synthesize spindle-shaped structures that remain in the cytoplasm of infected cells and do not become occluded into the viral occlusion bodies. It is intriguing that immunoelectron microscopy studies showed that gp37 of OpMNPV was part of the spindleshaped inclusion in the cytoplasm of infected cells (Gross et al., 1993) . The non-essential nature of the fus gene in virus replication is suggested by the fact that some EPVs such as AmEPV and those from Diptera do not synthesize spindles (Arif, 1984; Banville et al., 1992; Hall & Moyer, 1993) . The fus gene could, therefore, be replaced by exogenous genes. However, it should be pointed out that the fus gene is a homologue of the baculovirus glycoprotein gp37 (gp34.8) which appears to be essential for virus replication (Wu & Miller, 1989; Dall et al., 1993) .
Thymidine kinase gene (tk)
The presence of a tk gene was demonstrated by hybridizing labelled oligonucleotides identical to conserved regions of known tk genes to the AmEPV DNA.
Further, the functionality of the genes was shown by attempting to grow AmEPV in a TK gypsy moth cell line (IPLB-LD-652 TK ) in the presence of 25 gg/ml bromodeoxyuridine (BrdU). The virus did not replicate under these conditions (Gruidl et al., 1992; Lytvyn et al., 1992) . Higher concentrations of BrdU (100 gg/ml) had no effect on the replication of AcMNPV in Sf9 TK-cells indicating that baculoviruses do not have a functional tk gene (Lytvyn et al., 1992) . The tk gene was found within the fragment EcoRI-Q located near the left end of the physical map of the AmEPV genome (Gruidl et al., 1992 ; Hall & Hink, 1990) . Generally, there is a conserved core of genes within the central part of the orthopoxvirus genome while the termini are known to be more variable (Esposito & Knight, 1984; Upton & McFadden, 1986) . The location of the tk gene near the left terminus of the EPV DNA indicates deviation from the general structure of orthopoxviruses genomes.
The tk genes from AmEPV, CbEPV and CfEPV have been cloned and sequenced. Analysis of the sequences shows the EPV tk genes to have the elements characteristic of poxvirus early genes including the TTTTTNT consensus sequence needed for termination of early transcription. The coding region and the 5' untranslated sequence is high in A+T residues (Gruidl et al., 1992; Lytvyn et al., 1992) . The genes encode enzymes of slightly different lengths: 182 amino acids (21221 Da) for AmEPV; 185 amino acids (21279 Da) for CfEPV; and 186 amino acids (21406 Da) for CbEPV (Lytvyn et al., 1992) . The amino acid sequences of the three EPVs and vaccinia virus have been compared. Amino acid identity was very high (98.4 %) between CfEPV and CbEPV TK proteins. There was 63.2 % identity between AmEPV and CfEPV/CbEPV (Lytvyn et al., 1992;  Fig. 7) . AmEPV exhibited 44'5 to 45"7% amino acid identity with other poxvirus TK proteins and 39"3 to 41% identity with those from vertebrates. Homologies at the
• ° Fig. 7 . Predicted amino acid sequences of the thymidine kinase gene from CfEPV (Cf), CbEPV (Cb), AmEPV (Am) and vaccinia virus (VV). Seven conserved domains (underlined and labelled I to VII) were identified by Black & Hruby (1990) . Domain I is the most conserved. Asterisks indicate identity, dots indicate conserved substitutions.
DNA sequence level follow the same trend (Gruidl et al., 1992) . Seven conserved consensus sequence domains were identified on tk genes from several species (Black & Hruby, 1990) . Alignment of the AmEPV TK amino acid sequence indicates conservation in parts of these domains (Gruidl et al., 1992) . Domain [ is closest to the N terminus and has an 11 amino acid consensus sequence which is the most conserved domain in the AmEPV TK gene and deviates from the consensus by one amino acid:
Domain I GlyProMe tPhe SerGlyLys SerThrGluLeu consensus AmEPV
GlyProMe tPheSerGlyLysThrThrGluLeu Domain III is also highly conserved and there is an insertion of two amino acids in the EPV tk genes. This insertion is conserved in the TK of the EPVs from the Choristoneura and Amsacta spp. Of the seven, domain IV is the least conserved (Fig. 7) .
Nucleotide triphosphate phosphohydrolase I (NPH I) gene
Poxviruses have a number of enzymes needed for transcription of early genes in infected cells (Moss, 1990) . Among these enzymes is NPH I, which is capable of hydrolysing ATP and dATP. The gene encoding this enzyme was identified in the genomes of CbEPV and AmEPV and was located to the right of, and in the opposite orientation to, the spheroidin gene Hall & Moyer, 1993) . The two genes are separated by 192 nucleotides that are not conserved between the two EPVs (Hall & Moyer, 1993) . The coding region of NPH I in the CbEPV genome is 1944 nucleotides 10ng et al., 1982) . In these domains there is 56-58 % amino acid identity among the three viruses. A highly conserved region (75 % amino acid identity and double underlined) is located nea r the C terminus. (Hall & Moyer, 1993) . Alignment of the amino acid sequence (Fig. 8 ) reveals 36.4 % identity between CbEPV and vaccinia virus. The NPH I enzyme of poxviruses contain two domains that are conserved among proteins that bind ATP (Walker et al., 1982) . These domains were identified in the EPV enzymes and are present in the same linear arrangement as their vaccinia virus counterparts. They are conserved among the vertebrate and insect poxviruses exhibiting 56-58 % amino acid identity. An even more conserved region among the three virus genes was seen near the C terminus of the polypeptide where there is 75 % amino acid identity ( Fig. 8 ; .
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The DNA polymerase gene (pol)
A putative pol gene has been recognized by hybridizing a degenerate oligonucleotide corresponding to conserved amino acids of other pol genes to restriction digests of CbEPV DNA. An ORF 2829 nucleotides long (1 lJ kDa protein) which has the characteristics of pol genes was designated the pol gene of CbEPV. An early gene transcription termination signal, TTTTTAT, was identified 150 nucleotides upstream of the termination codon (Mustafa & Yuen, 1991) . The putative CbEPV polymerase had 24.9 % amino acid identity with the polymerase from vaccinia virus. It has been previously established that there are conserved regions shared by pol genes from several viruses of vertebrates and prokaryotes. Four of these regions seem to be more highly conserved than others Gibbs et al., 1985; Larder et al., 1987; Mustafa & Yuen, 1991; Tomalski et al., 1988) . In these four regions there is 32-46% amino acid identity between the DNA polymerase of CbEPV and that of vaccinia virus. Region III contained the sequence TyrGlyAspThrAspSer which is conserved in many phylogenetically diverse species (Mustafa & Yuen, 1991) . Studies on the secondary structure of the vaccinia virus DNA polymerase showed that region III forms a reverse turn structure flanked by fl-sheets characteristic in several binding sites for many enzymes Garnier et al., 1978; Mustafa & Yuen, 1991) . Taken together, these structural features strongly suggest that the reported gene is indeed the pol gene of CbEPV. The evidence also means that the DNA replication mechanisms of EPVs and orthopoxviruses may be quite similar (Mustafa & Yuen, 1991) . (Pearson et al., 1991) . It was observed that the enzyme was detected as early as 4 h post-infection in cells infected with the recombinant containing the 7.5K promoter. In contrast, fl-galactosidase activity in cells infected with the recombinant containing thefus promoter was first detected later, at 8 h post-infection, which is a manifestation of the late function of this promoter. By 24 h post-infection the level of enzyme activity in cells infected with the vaccinia virus containing thefus promoter was approximately five times higher than that in cells infected with virus containing the marker gene under the control of the 7.5K promoter (Pearson et al., 1991) . This clearly shows that thefus gene promoter functions as a strong promoter in vaccinia virus and could potentially play an important role in improving vaccinia virus as an expression vector. It was also shown that a vaccinia virus recombinant containing nucleotides -21 to -61 from the fus promoter produced the same level of fl-galactosidase as that containing all the 95 nucleotides. This suggests that not all the 5' non-coding region is needed for function and that nucleotides -1 to -20 may not play a role in promoter strength (Pearson et al., 1991) . These authors also found that the promoter functions bidirectionally, though it was much weaker when used in the reverse orientation.
Functionality of EPV promoters and elements in orthopoxviruses
In another study, the EeoRI-Q fragment from AmEPV containing the entire tk gene was inserted in both orientations into the haemagglutinin gene of a TKstrain of vaccinia virus (VSC8). Plaque-purified recombinants were tested for growth in human 143 TK-cells in the presence of methotrexate. Under these conditions, only TK + virus can replicate. It was found that the vaccinia viruses carrying the tk gene from AmEPV grew well in these cells irrespective of orientation, clearly demonstrating that the insect virus tk gene is active in orthopoxviruses (Gruidl et al., 1992) . Further, the data showed that the EPV TK, whose optimum temperature was expected to be 28 °C, is also active at 37 °C. Since activity of the tk gene is independent of the orientation of the fragment EeoRI-Q in the HA gene, it is very likely that the AmEPV tk gene promoter is functional in vaccinia virus (Gruidl et al., 1992) .
Prospects
Considerable interest in the basic biology and molecular biology of EPVs is emerging in several laboratories and will no doubt enhance our knowledge of these interesting viruses. They appear to have many genes not essential for virus replication and, therefore, could be replaced with exogenous genes deleterious to insect pests or genes useful in the medical/pharmaceutical sectors. With the availability of permissive tissue culture systems, we should soon have an expression system based on the sph orfus genes of EPVs.
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